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Background
Cancer is a major public health concern worldwide: more people die every year from cancer

than HIV, malaria, and tuberculosis combined, and by the year 2020, cancer will likely kill
more than 10 million people annually.> Today, the economic toll from cancer is nearly $895
billion.?

More than 50 percent of new cancer cases and two-thirds of cancer deaths occur in developing
countries.* The burden of cancer in China is particularly staggering—it is the leading cause of
death® and kills more than 1.5 million Chinese each year.°

Now is an opportune time to expand cancer research partnerships between U.S. and Chinese
scientists. There is a long and successful history of collaboration in several areas of cancer
research, and large numbers of Chinese scientists who have trained in the U.S. are returning to
China. These research leaders understand the U.S. biomedical research system and are
frequently interested in maintaining connections to U.S. laboratories

U.S. and Chinese scientists can work together to complete studies that yield scientific results
relevant on an international basis. For example, U.S. and Chinese investigators can team up to
study cancers that are particularly common in China (e.g. gastric, liver, and esophageal cancers)
but still have a devastating impact in the U.S. and other parts of the world. In addition, U.S.-
China partnerships can focus on investigating rare cancers, or environmental or occupational
exposures not as commonly observed in the U.S.

To build on these and other opportunities, NCI established the Office of China Cancer
Programs (OCCP) in 2009 to promote, support, and inform the development of cooperative
research projects between U.S. and Chinese scientists, research teams, and institutions. OCCP
assists NCI Offices, Divisions, Centers, and Programs (including the NCI Center for
Biomedical Informatics and Information Technology which oversees the caBIG® program) with
an interest in expanding partnerships in China. Encouraging partnerships in biomedical data
sharing between the U.S. and China is a high priority for the NCI because of extensive
computational talent and informatics capability in China, and because developing a common
culture and mechanisms to promote data sharing among U.S. and Chinese scientists is critical to
the success of partnerships in many research areas.

! Matthers and Loncar (2006) PLoS Medicine 3(11) e44.

*World Health Organization.

® The Global Economic Cost of Cancer. LIVESTRONG and American Cancer Society. Available online
at http://www.cancer.org/acs/groups/content/@internationalaffairs/documents/document/acspc-
026203.pdf. Accessed September 8, 2010.

* Boyle and Levin eds. World Cancer Report, 2008.

> Health Information Report 2008, Ministry of Health, Center for Health Statistics and information.

® GLOBOCAN 2002 Database
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To build communication and explore opportunities for promoting cancer research data sharing
between the U.S. and China, NCI and the Chinese Academy of Medical Sciences (CAMS)
hosted a joint workshop in Beijing on June 22, 2010 that showcased efforts to share biomedical
data among institutions in the United States and China using the cancer Biomedical Informatics
Grid® (caBIG®). The meeting reviewed ongoing collaborative efforts between institutions in the
U.S. and China and established a relationship between the caBIG® program and leading experts
in China.

CAMS includes a national network of research institutions and hospitals throughout China
focusing on research and treatment of many types of disease. CAMS has an extensive history
of cooperation with U.S. researchers, and strong expertise in both cancer research (led by
efforts at the Cancer Institute/Hospital of CAMS) and biomedical data sharing through the
national Medical and Health Scientific Data Sharing Network.

Attendees exchanged information about biomedical data sharing efforts in the U.S. and China,
received an overview and introduction to the caBIG® program, and identified possible
opportunities for future cooperative efforts.

We at the National Cancer Institute are prepared to roll up our sleeves to work hand in hand
with our Chinese colleagues to figure out how we can join our unique expertise and our unique
contributions in a manner where the whole is much more than the sum of the parts.

-Ken Buetow, Ph.D., Director, NCI CBIIT

We want to work with the NCI to improve data sharing that will advance cancer research.
-Anyou Wang, Director, Department of International Cooperation, CAMS

Data Sharing: A Global Vision

Increasingly, cancer research is becoming a global enterprise. While current technologies may
differ internationally, biomedical researchers working in several areas of science—from basic
discovery to clinical research and care—must manage, integrate, analyze, and exchange vast
stores of diverse data to make and apply scientific discoveries. Additionally, collaboration and
data exchange across international borders will allow scientists to conduct meta-analyses of
international data sets and access research discoveries and clinical observations derived from
different geographical populations.

During the meeting, workshop participants identified common needs, regardless of geographic

location or size, including increased access to mature informatics tools and standards and
common infrastructure to enable data exchange.

Overview of National Data Sharing Efforts

China

The Chinese government has provided financial support for data sharing since 2004, when a
pilot project was initiated for a “Medical and Health Scientific Data Management and Service
System.” This pilot demonstrated the feasibility of a “Medical and Health Scientific Data
Sharing Network” to link data from clinical centers and hospitals, the China CDC, and local
health centers in an effort to help analyze data and develop standards. Now, the project is being
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implemented as the “Population and Health Scientific Data Sharing Network,” with plans to
create a broad platform to enable information exchange on a national and international scale.
Currently, the national biomedical data sharing effort is led by Dr. Liu Depei, President of
CAMS, who links the goals of the program back to the “Healthy China 2010” program that was
initiated in 2008 by China’s Health Minister Chen Zhu.

The BioMedical Informatics Center of China (BMICC) is one of several participants in the
National Scientific Data Sharing Network for Population and Health and is made up of 12
institutes from four provinces throughout China. BMICC was established to provide a technical
platform for integrating and sharing scientific data; to connect and integrate databases related to
the study of health and disease in China; and to create a national data sharing center for basic
medical researchers. The database is populated primarily with standardized information from
laboratories and health surveys and the Institute for Basic Medical Sciences maintains the
technical integrity of the platform.

To-date the effort has linked 25 data sources: six population survey databases, 13 molecular
mechanism databases, four model organism databases, and two experiment material databases;
and, to date, 37 countries have the capabilities to access and use this shared resource. Plans for
the future include integrating additional data sources and continuing discussions with the NCI
and National Institutes of Health (NIH) around bilateral cooperation on scientific data sharing.

More information about the national biomedical data sharing effort in China can be found (in
Chinese) at www.ncmi.cn

United States

In the U.S., the NCI has developed caBIG® to speed research discoveries and improve patient
outcomes by linking researchers, physicians, and patients throughout the cancer community
using a shareable and interoperable infrastructure, services and applications, standard rules, and
common vocabularies.

The goal is to build an infrastructure to connect people, deploy standards and common
vocabularies, and develop software applications and services are available to analyze and share
cancer research data and clinical outcomes. This modular, interface-focused approach ensures
that any individual or organization can use caBIG® open standards to build a single module—or
a comprehensive integrated system—to quickly and seamlessly access data.

caBIG® is founded on the principles of open source, open development, open access, and
federation, meaning that anyone who wants to download, modify, use, or extend the technology
may do so in accordance with local or institutional regulations. Currently, more than 2,300
researchers from 700 institutions—representing 17 countries, including China—are using
caBIG® to accelerate the discovery of new approaches for the detection, diagnosis, treatment,
and prevention of cancer.

The ultimate goal of caBIG® is not only to integrate all stages of the current discovery and
development paradigm but to incorporate an analysis component, wherein researchers and
clinicians feed data back into the system so that findings can be rapidly incorporated into
clinical practice or the development and refinement of new research hypotheses. Such an
approach is known as the Rapid Learning Healthcare System. As the U.S. moves towards the
full digitalization of healthcare through electronic health records (EHRs), caBIG® standards-
based interoperability will enable organizations to move data between constituents to make this
approach possible.


http://www.ncmi.cn/

Workshop on Biomedical Data Sharing in the U.S. and China:
Opportunities for Collaboration through the National Cancer Institute cancer Biomedical Informatics Grid” (caBIG")

To learn more about specific caBIG® applications visit https://cabig.nci.nih.gov/inventory.
Additional information about caBIG® is available at http://cabig.cancer.gov.

Examples of Current caBIG®-Enabled Collaborations

Two examples of ongoing collaborations between Chinese and U.S. teams that are supported by
caBIG® were described in detail at the workshop:

University of California, San Francisco and Peking Union Medical College

The University of California, San Francisco (UCSF) and Peking University Medical Center
(PUMC) have established ongoing partnership to create joint programs in cancer research and
training.

Currently, the two parties are establishing a Memorandum of Understanding (MoU) that
outlines the creation of joint research teams which will be led by co-investigators from each
institution. In the first phase of the collaboration, these research teams will be established in the
areas of lung cancer, breast cancer, brain tumors, hepatocellular carcinoma, and genito-urinary
cancers. Under the partnership, PUMC faculty will be enrolled in a training program at the
USCF Helen Diller Comprehensive Cancer Center, where they will participate in a variety of
activities including tumor boards, clinical and research conferences, protocol review meetings,
clinical trial meetings, and general cancer research seminars, before returning to serve as co-
leaders of joint trials with UCSF.

The objectives of the partnership will be to improve the understanding of cancers that are
common in China and the key genes and proteins involved in the progression of these diseases,
as well as to identify new targets that drive the tumors and conduct early stage clinical trials to
investigate novel therapeutic agents. Additionally, the groups will conduct epidemiologic
research aimed at developing methods to accurately diagnose cancer, earlier.

Underlying this ambitious plan is the need for bioinformatics to support clinical and
biospecimen operations. Together, the groups will establish annotated, robust tissue banks and
a clinical trials database to support the joint research efforts.

To support these needs UCSF is creating a Cancer Data Warehouse, where clinical trial data,
survey data, operational data, sequencing data, scheduling, billing, tissue sample data, cancer
registry data, and data from Electronic Health Records (EHRs) may be stored. The warehouse
is being constructed to accept heterogeneous data from multiple data architectures, and will
serve as a single data resource for patients, providers, and researchers. Three portals exist to the
data warehouse—and caGrid is planned as another means of access—where information may
be viewed and exported by various constituencies as needed. This work will be supported by a
variety of caBIG® applications and infrastructure already in-use at UCSF.

Duke Comprehensive Cancer Center and Beijing Cancer Hospital, Peking University

A partnership between Duke Comprehensive Cancer Center and Beijing Cancer Hospital,
Peking University was formalized through a MoU in 2007 that stated the intent to develop new
cooperation to create new preventative and diagnostic tools as well as novel therapies. Building
on this MoU, training workshops were held in Beijing and at Duke University in 2007 and
2008.
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Duke Comprehensive Cancer Center has been an active contributor to the development of
caBIG® technology since the program was initiated and has extensive experience with caBIG®
applications, most notably in the clinical trials space. The institution serves as the Clinical
Trials Management Systems (CTMS) Knowledge Center, providing support and maintaining
web-based resources to aid others in developing, integrating, and using caBIG® technology to
support clinical research. Building on this expertise, Duke worked with Beijing Cancer Hospital
to use caBIG® as the platform to support a co-operative trial: A Phase Il Study of Abraxane®
and Carboplatin as First-Line Treatment for “Triple Negative” (Demonstrating no Expression
for Estrogen, Progesterone, or HER2 Receptors) Metastatic Breast Cancer. The primary
objective of the study was to compare the progression-free survival (PFS) in Chinese patients
with this type of breast cancer to that of American patients. Additionally, investigators sought
to explore the molecular biological mechanisms that reacted to the treatment regimen and to
assess the safety and tolerability of a combination regimen to treat Chinese women with “triple
negative” stage 1V or interoperable stage 111 metastatic breast cancer.

caBIG® supported the study in multiple ways: the Central Clinical Database (C3D), a clinical
trials data management system that collects data using standard case report forms (CRFs), was
used to enroll patients from both sites; the caBIG® Clinical Trials Suite, a comprehensive set of
open-source software tools that facilitates electronic management of clinical trials and
associated data and enables comprehensive sharing and integration of clinical research
information, was used to support trial and protocol management, from patient consent to
managing budgets and invoicing; and the Clinical Data Management System (CDMS) was used
to manage research data to ensure information was collected in a unified format using
international data standards.

Opportunities and Challenges

Reluctance among the scientific community to share data is a cultural issue in both the U.S. and
China, and workshop participants suggested that developing new funding opportunities to
encourage data sharing will be important to overcome these barriers. However, all participants
agreed that data sharing and collaborative efforts have the power to dramatically enhance
research efforts by organizations in both countries. Issues related to language barriers were
also raised, such as the need for software applications for native speakers of both English and
Chinese.

During the workshop discussions, caBIG® was identified as an excellent platform for
supporting international collaboration due to its federated approach—each participating
organization can contribute its unique resources and expertise, share them as appropriate with
local laws and customs, and obtain access to other geographically distributed data and
resources. caBIG® provides a framework and infrastructure that minimizes the technical
barriers associated with data exchange and that recognizes and accommodates local differences.

Workshop discussions identified several specific opportunities for collaboration through
clinical epidemiology studies and prevention trials at the Cancer Institute/Hospital at CAMS
(CICAMS), described in more detail below. CICAMS is the National Cancer Center in China,
treating more than 10,000 inpatients and 240,000 outpatients each year. Several activities of the
CICAMS Department of Epidemiology have informed national initiatives in China, including: a
national cancer prevention & control strategy administered by the Chinese Ministry of Health
(MOH); a national cervical cancer prevention consortium; establishment of national guidelines
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for early detection, diagnosis and treatment of nine types of cancer; and two demonstration
centers for cervical cancer prevention and control.

In addition to specific collaboration opportunities with CICAMS, the need to develop
additional caBIG® applications in China to support development of protocols for information
exchange and to facilitate the actual exchange of information was also addressed.

Based on the discussion at the workshop, several areas were identified as potential candidates
for collaboration:

e Use caBIG® to facilitate sharing of data from the Chinese cancer database maintained by
the CICAMS Department of Epidemiology (cancernet.cicams.ac.cn) and comparable
data in the U.S. Access to data generated in China would expand opportunities for
researchers in both countries to conduct in silico and epidemiological investigations.
Additionally, data exchange will allow collaboration without the associated cost and time to
establish formal partnerships.

e Develop of Chinese language versions of clinical trial data management systems working
through the National Biomedical Data Sharing Effort in China. The development of
Chinese versions of caBIG® clinical trial management software will reduce the expense and
human resources needed to train end users in China, and accelerate the adoption of caBIG®
applications in Chinese hospitals. This will enrich the amount and diversity of data
currently available to users through caGrid, increasing the value of this network for all.

e Adopt existing caBIG® applications (CTMS — Clinical Trials Management Software) by
CAMS to support studies in cancer epidemiology. Existing caBIG® clinical trial tools will
both support existing cancer epidemiology studies in China (including those led by the
CICAMS Department of Epidemiology) and promote collaboration with U.S. scientists
working in this area.

e Develop new caBIG®—interoperable applications by Chinese institutions. The caBIG®
community would be enriched by increasing contributions from Chinese experts to build
new applications that are tailored to specific needs of Chinese researchers and institutions.

e Possible identification of caBIG® Service Support Providers (SSPs) in China.
International support services will complement existing web- and U.S.-based resources to
lower barriers to entry for international participants by ensuring technical challenges are
addressed in a timely fashion. In addition to offering help desk services and support to
deploy caBIG® infrastructure and applications, SSPs may be licensed to develop novel
caBIG® applications, or to customize or extend existing systems to become caBIG®
interoperable.
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Lichao Sun, Cancer Hospital, CAMS & PUMC

Lixin Sun, Cancer Hospital, CAMS & PUMC
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Weiging Wan, Beigin Tiantan Hospital
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Yang Xu, Cancer Hospital, CAMS & PUMC

Huanming Yang, BGI-Shenzhen
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Appendix 2: Agenda

2:00 p.m. —2:10 p.m.

2:10 p.m. - 2:20 p.m.

2:20 p.m. - 2:40 p.m.

2:40 p.m. - 3:00 p.m.

3:00 p.m. - 3:10 p.m.

3:30 p.m. - 3:40 p.m.

3:40 p.m. — 4:00 p.m.

4:00 p.m. — 4:20 p.m.

4:20 p.m. - 4:30 p.m.

4:30 p.m. — 5:00 p.m.

Welcome from the Chinese Academy of Medical Sciences
(CAMS)

Anyou Wang, Director, Department of International
Cooperation, CAMS

Welcome from the National Cancer Institute (NCI)
Ken Buetow, Ph.D., Director, NCI CBIIT (by video message)

Overview of China’s Scientific Data Sharing Project on Basic
Medicine

Heng Wang, Ph.D., Director of the Institute of Basic Medical
Sciences, CAMS

Introduction and Principles of caBIG®
John Speakman, Associate Director of Clinical Trials Products
and Programs, NCI CBIIT

Demonstration of caBIG® Clinical Trials Suite
John Speakman

Demonstration of caTissue Suite
John Speakman

University of California San Francisco (UCSF) and Peking
Union Medical College-CAMS Cancer Centers Program
Partnership and Activities

Sorena Nadaf, Director, Translational Bioinformatics and
Chief Information Officer, Helen Diller Family Comprehensive
Cancer Center, UCSF

Overview of the Use of caBIG® Tools for Joint Clinical Trials
Research between Duke and Peking University

Jun Ren, M.D., Ph.D., Executive Director, Clinical Trials
Center, Beijing Cancer Hospital, Peking University

Potential Collaboration on Clinical Epidemiological Studies
and Prevention Trials in China

Youlin Qiao, M.D., Ph.D., Director, Department of Cancer
Epidemiology, Cancer Institute/Hospital of CAMS

Open Discussion: Opportunities for Future U.S.-China
Cooperation



Workshop on Biomedical Data Sharing in the U.S. and China:
Opportunities for Collaboration through the National Cancer Institute cancer Biomedical Informatics Grid” (caBIG")

Appendix 3: Presentations

e Overview of China’s Scientific Data Sharing Project on Basic Medicine
Heng Wang, Ph.D., Director of the Institute of Basic Medical Sciences, CAMS

e Introduction and Principles of caBIG®
John Speakman, Associate Director of Clinical Trials Products and Programs, NCI
CBIIT

e University of California San Francisco (UCSF) and Peking Union Medical College-
CAMS Cancer Centers Program Partnership and Activities
Sorena Nadaf, Director, Translational Bioinformatics and Chief Information Officer,
Helen Diller Family Comprehensive Cancer Center, UCSF

e Overview of the Use of caBIG® Tools for Joint Clinical Trials Research between Duke
and Peking University
Jun Ren, M.D., Ph.D., Executive Director, Clinical Trials Center, Beijing Cancer
Hospital, Peking University

e Potential Collaboration on Clinical Epidemiological Studies and Prevention Trials in
China
Youlin Qiao, M.D., Ph.D., Director, Department of Cancer Epidemiology, Cancer
Institute/Hospital of CAMS
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Co-Units

12 Institutes/Universities, 4 Provinces,

e Institute of Basic Medical Sciences, CAMS

e Center for Bioinformatics in Peking University;
* Institute of Biophysics of CAS;

e Institute of Computing Technology of CAS ;

e Beijing Genomics Institute ;

e Beijing Genomics Institute at Shenzhen

e Bioinformatics Division Tsinghua University;

* Beijing Proteome Research Center;

 Model Animal Research Certer of Nanjing University
o Capital Institute of Pediatrics;

* Third Military Medical University ;

 Fuwai Hospital, CAMS



GOAL OF BMICC

% To establish the technical platform for
integrating and sharing the scientific data
% To collect and integrate most valuable and
available databases related to the
study on health and diseases in China
% To create a national scientific data sharing
center for basic medical researchers and
various users in different requirements




Resources of Data

Original
Requirements

Quality



Research Funding

National Science Fund of China (NSFC)

National Science Fund for Distinguished Young Schoolars, NSFC

Beijing Natural Sciences Foundation

The National Program for Key Basic Research Projects ( 973)

The National High Technology Research and Development
Program (863)

The Research Fund for Doctoral Program of Higher Education

Project of Ministry of Science and Technology

International cooperation program from NIH, US

International Cooperation program between China and Europe

Chinese Medical Board (CMB) from America
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MANAGEMENT OFFICE

Implementation
o Reports to the Sharing Network
o Collect and integrate database

o Maintain the work on technique

platform and network

ACADEMIC
COMMITTEE

Academic activities
o Technical advisory
o Monitor and revise
o Evaluation



RULES AND STANDARDS |

¢ Technical standards for data sharing
¢ The metadata standards

¢ The terminological standards in

medicine

¢ The standards on the quality control for
data searching



RULES AND STANDARDS Il

¢ The service guide

v A manual for developing technique
framework

Y% Guide for data set execution.

¢ A rule for data backup management
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Integrated and Shared

25 databases

@ Population Survey Database (6)

@ Molecular Mechanism Database (13)

@ Biomodel Organism Database (4)

@ Experiment Material Data Resource (2)



Sharing Database (1)

Database —— population, individual person Sub-centers
(1) Physiological Reference Database of Chinese IBMS
(2) Psychological Reference Database of Chinese IBMS
(3) Sub-health database of Chinese IBMS
(4) Maternal and Child Nutrition Reference Database Capital
Institute of
Pediatrics
(5) A Multi-center Survey on Cardiovascular CAMS
Diseases in Chinese
(6) Visible Human Construction Third Military
Medical

University




Sharing Database (2)

Database —— Molecular studies Sub-
centers
(7) NcRNA (The database of all kinds of noncoding ICT CAS
RNA)
(8) NPinter ( Functional interactions between IB CAS
noncoding RNAs and proteins Database)
(9) ATID (Alternative Translational Initiation Database) Tsinghua
University
(10) dbRES (dbRES: A web-oriented database for Tsinghua
annotated RNA Editing Site) University




Sharing Database (3)

Database Sub-
centers
(11) dbNEI (database for Neuro-Endocrine-Immune) Tsinghua
University
(12) SPD (Secreted Protein Database) Peking
University
(13) SynDB (Synapse Database) Peking
University
(14) The Biology Database FTP Mirror Site Peking
University
(15) Human Urinary Proteome Database IBMS
(16) Database of potential target genes for clinical ICT CAS
diagnosis and immunotherapy of human carcinoma
(17) Natural sense-antisense transcripts database Peking

University




Sharing Database (4)

Database Sub-
centers
(18) TFDB (Transcription Factor Databases) Peking
University
(19) Natural sense-antisense transcripts database Peking
University
(20) Database on antiCODE IB CAS
(21 ) Liver Expression Profile Beijing Proteome
Research Center

Animal Modes

(22) SilkDB (Silkworm Knowledgebase) Beijing

Genomics
Institute

(23) PigGIS (Pig Genomic Informatics System) Beijing
Genomics
Institute




Sharing Database (5)

Database Sub centers
(23) ChickVD(Chicken Variation Database) Beijing
Genomics
Institute

Experimental Materials

(24) China National Cell Resources IBMS
Confederation
(25) Phenotype Database for Genetically Model Animal

Research Certer of

Engineered Mouse Disease Models - =
Nanjing University




Online Tools

= MiRAIign
@ MethCGl
@ SubMito

@ PhoScan



User groups in China

e Sclientists / specialists
 Health officials

e Students

 Public
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VISITERS from all of the world

(Jan. 2008 --- July 2009 )

Countries person times
~United States - 97322

China 36688
Australia 30567
Germany 2936
Japan 737
Great Britain 423

South Korea 351



Data Sharing Between CHINA
& USA from BMICC



Chinese physiological
reference dataset



Physiological Reference of Health Population in China

Population: 130,000
Provinces: 9

Races: 8

Variables in dataset: 247




Data profile
of Chinese physiological reference

The categories of variables surveyed
« Characteristics of demography

e Anthropometric measures

e Blood cell counts

e Blood biochemical variables

e Urinalysis

e Electrocardiogram ECG

e Immunological analysis
 variables of circulation system

o variables of respiratory system




Published Data
for 30,000 population

Continued survey &
Data expanding

Continue survey

More genome data of individual person
Proteomics data

Government support (the twelve five plan)



Yan Huang Database



(Beijing Genomics Institute at Shenzhen )

+ The genome, named as YH, is a very start of
YanHuang Project, which aims to sequence 100
Chinese individuals in 3 years.

 To illustrated the personal genome data in a
MapView, which is powered by GBrowse.

- A new module was developed to browse large-
scale short reads alignment. This module
enabled users track detailed divergences
between consensus and sequencing reads.



- Efforts on designing the YH database are
helpful attempts to organize and present
personal genome data, which is a useful
resource for genomic and medical
researches.

» As the third published personal genome,
YH diploid genome accelerates the
discovery of disease gene and mutation in
Asian population.






Data Statistics

Total 117.7Gbp
Nucleotide Map to genome 102.9Gbp
Coverage of genome 99.97%
SNP 3.07/M
Polymorphism Indel 135262
Structural Variation 2682




nature Vol 4566 Movember 2008 |doi:10.1038/ nature07484

ARTICLES

The diploid genome sequence of an Asian
individual

Jun Wang">%" Wei Wang'?*, Ruigiang Li""*, Yingrui Li""°%*, Geng Tian'”, Laurie Goodman', Wei Fan’,
Junging Zhang', Jun Li', Juanbin Zhang', Yiran Guo'”, Binxiao Feng', Heng Li'"*¥, Yao Lu', Xiaodong Fang’,
Huiging Liang', Zhenglin Du', Dong Li', Yiging Zhao'”, ¥Yujie Hu'"", Zhenzhen Yang', Hancheng Zheng',

Ines Hellmann®, Michael Inouye®, John Pool?, Xin ¥i''", Jing Zhao!, Jinjie Duan’, Yan Zhou’, Junjie Qin'", Lijia Ma -7,
Guoging Li', Zhentao Yang', Guojie Zhang""”, Bin Yang', Chang Yu', Fang Liang"”’, Wenjie Li', Shaochuan Li",
DaweilLil, Peixiang Ni!, Jue Ruan®”, Qibin Li"7, Hongmei Zhu'!, Dongyuan Liu', Zhike Lu®', NingLi'"", Guangwu Guo'-7,
Jianguo Zhang!, Jia Yel, Lin Fang!, Qin Hao'"”, Quan Chen'>, Yu Liang'”, Yevang Su®’, A. san'’, Cuo Ping'”,
Shuang Yang', Fang Chen'?, Li Li!, Ke Zhou?!, Hongkun Zheng'?, Yuanyuan Ren?!, Ling Yang'!, Yang Gaol''®,
Guohua Yang''®, Zhuo Li', Xiaocli Feng', Karsten Kristiansen?, Gane Ka-Shu Wong!"''?, Rasmus Nielsen®?,
Richard Durbin®, Lars Bolund''', Xiuging Zhang"®, Songgang Li"*>, Huanming Yang">? & Jian Wang'~~

Here we present the first dipleoid genome sequence of an Asian individual. The genome was sequenced to 26-fold average
coverage using massively parallel sequencing technology. We aligned the short reads onto the NCBI human reference
senome to 99.97% coverage, and guided by the reference genome, we used uniguely mapped reads to assemble a
high-quality consensus sequence for 92% of the Asian individual's genome. We identified approximately 2 million
single-nucleotide polymorphisms (SMNPs) inside this region, of which 13.6%2% were not in the dbSMNP database. Genotyping
analysis showed that SMNP identification had high accuracy and consistency, indicating the high seqguence quality of this
assembly. We also carried out heterozygote phasing and haplotype prediction against HapMap CHB and JPT haplotypes
(Chinese and Japanese, respectively), sequence comparison with the two available individual genomes (J. D. Watson and J.
C. Venter), and structural variation identification. These variations were considered for their potential biological impact. Our
sequence data and analyses demonstrate the potential usefulness of next-generation sequencing technologies for personal

senomics.

The completion of a highly refined, encyclopaedic human genome
sequence’?® was a major scientific dewvelopment. Such reference
sequences have accelerated human genetic analyses and contributed
to advances in biomedical resecarch. Given the growth of information
on genetic risk factors, researchers are developing new tools and ana-
lyses for deciphering the genetic composition of a single person to
refine medical intervention at a lewvel tailored to the individual. The
announcements that J. Craig Venter and James . Watson have had
their genomes sequenced®?, along with the announcement of the
Personal Genome Project®, highlight the growth of personal genomics.

Using a massively parallel DINA sequencing method, we have gene-
rated the first diploid genome sequence of a Han Chinese individual,
a representative of an East Asian population that accounts for nearly
30% of the human population. The consensus sequence of the donor,
assembled as pseudo-chromosomes, serves as one of the first
sequences available from a non-European population and adds to
the small number of publicly available individual genome sequences.
This sequence and the analvses herein provide an initial step towards
attaining information on population and individual genetic wvari-
ation, and, given the use and analysis of next-generation sequencing

technology, constitute advancement towards the goal of providing
personalized medicine.

Data production and short read alignment

The genomic DMNA used in this study came from an anonyvmous male
Han Chinese individual who has no known genetic diseases. The
donor gave written consent for public release of the genomic data
for use in scientific resecarch (see Supplementary Information for
consent forms).

W e carried out G-banded karvotyping to check the overall struc-
tural suitability of this DINA for use as a genomic standard for other
genetic comparison and found no obvious chromosomal abnormal-
ities (Supplementary Fig. 1). We then proceeded with whole-genome
sequencing of the individual™s DNA (hereafter referred to as YH )
using INlumina Genome Analysers (GA; see Methods for details).
To minimize the likelihood of systematic biases in genome repres-
entation, multiple DINA libraries were prepared and data were gen-
erated from eight single-end and two paired-end libraries
(Supplementary Table 1). The read lengths averaged 35 base pairs
(bp), and the two paired-end libraries had a span size of 135 bp

1Beijir|g Genomics Institute at Shenzhen, Shenzhen S1I8 000, China. 2Gencme Research Institute, Shenzhen University Medical School, Shenzhen S18000, China. Frlaticnal Engineering
Center for Genomics and Bicinformatics, Beijing 101200, China. *Department of Biochemistry and Molecular Biology, University of Southern Denmark, Odense M DK-5230, Denmark
SCollege of Life Sciences, Peking University, Beijing 100871, China. ®Beijing Genomics Institute, Beijing Institute of Genomics of Chinese Acadermy of Sciences, Beijing 1013200, China
“The Graduate University of Chinese Academy of Sciences, Beijing 100062, China. ®The Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge
CEI1O 15A, UK. 9D|E|::|E|r*l:r1'1er1||:5 of Integrative Biology and Statistics, University of California, Berkeley, California 94720, LS .A 10DEpal’1{l"I’1Ent of Bioclogical Sciences and Department of
MMedicine, University of Alberta, Edmonton AB, TeG ZES, Canada. Mhsitute of Human Genetics, University of Aarhus, Aarhus DE-8000, Denmark.

*These authors contributed egually to this work.



Maternal and Child Nutrition
Reference Database



 Population
Children and women in 14 provinces, China
 Information
Incidence of low birth weight
Incidence of anaemia in reproductive aged women
Prevalence of Vitamin A deficiency in child
o Self-evaluation
Fetus weight
Anaemia in reproductive aged women

Vitamin A deficiency in child






THE CRUCIAL QUESTIONS ABOUT THE
INTERNATIONAL DATA SHARING FOR
BIOMEDICINE

e Standard for data collection and management
between US & China

« Standard for the construction of the data sharing
platform

e Strategies and mechanism of the data sharing
system

» A professional team fully supported by the
government is necessary for the program.



Challenge

* Consciousness on sharing among
researchers

* Requirement for specialists on cross-
sciences (biomedical and computer
science)

* Financial support on maintaining the

network for a long term development



Plan for the next step

% Continuing to search new data resource

% To improve performance of technique
platform

% To develop the conjunction among
datasets

% International communication &
cooperation



Next steps ?

It may require close collaboration on point-to-point
between us to make the co-data work effectively.

It Is needed to discuss how to design and implement
science data transfers system and present a
framework of data transfers linking.

Complete the understanding of network performance
& transfer rates

Need to identify user requirements & set the routing
to allow use of the co-data links.

It IS necessary to set up the linking mirrors in two
sites for widening the user base.

Considering to provide extensive international
connectivity to other world regions
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Introduction and Principles of caBIG®

John Speakman

Associate Director, Clinical Sciences

Center for Biomedical Informatics and Information Technology
National Cancer Institute

Workshop on Biomedical Data Sharing in the U.S. and China:
Opportunities for Collaboration through

the National Cancer Institute Cancer Bioinformatics Grid®
Beijing, Peoples Republic of China
June 22, 2010

cancer Biomedical Informatics Grid® H @caBIG‘



The National Cancer Institute (NCI)

* U.S. Federal Government's principal agency
for cancer research and training

« Part of the National Institutes of Health
(NIH), one of 11 agencies that compose the
Department of Health and Human Services
(HHS)

» Established under National Cancer Institute
Act of 1937, scope broadened by National
Cancer Act of 1971

» Coordinates National Cancer Program,
iIncluding:
* NCIl-designated Cancer Centers
» Cooperative Groups

« National Community Cancer Centers
Program



Defining Moment in Biomedicine...

« Several capabilities, needs and trends are
converging:

« Vast and growing amount of molecular
Information

 Ability to aggregate and process clinical
Information on an unprecedented scale

* $44+ Billion U.S. investment in Electronic
Health Records

« Unsustainable cost of new drug development



; . » Personalized, Predictive,
215t Century Biomedicine Preemptive,

Participatory......

* Unifies discovery, clinical
research, and clinical care
(bench-bedside-bench) into
a seamless continuum

« Results in improved clinical
outcomes

» Accelerates the time from
discovery to patient benefit

 Enables a health care
system, not a disparate
“sector”

« Empowers consumers in
managing their health over a
lifetime



Still Fighting a War on Cancer

* We know “how cancer
Works”

*BUT:

» Estimated US cancer
deaths 2009: 562,340

(American Cancer Society)

» Estimated new US cancer
cases 2009: 1,479,350

(American Cancer Society)

» Cost of cancer deaths:
$960.7 billion in 2000,

estimated $1,472.5 billion in

2020 (Journal of the National Cancer
Institute, Dec. 9, 2008)



Information and Community Fragmentation
blocks the New Paradigm



Biomedicine is Decades Behind the
“Knowledge Economy” Curve

Translational research and personalized medicine require
Integration of multiple modalities and dimensions of data (clinical
care / clinical trials / pathology / imaging / gene expression /
population data, etc.)

This integration is currently achieved by custom-built point
solutions, if at all

As a result, the data is often locked away in incompatible formats
and systems

Research studies are artisanal, handcrafted from one-of-a-kind
components; clinical trials take too long to initiate, too long to
accrue patients and too long to report outcomes

Access to, and maturity of, informatics tools within the research
community Is inconsistent



Obstacles to Integration

Tsunami of Genomic Islands of Information
and Clinical Data

Standard Language IT Systems Do Not Interoperate



The Cancer Biomedical Informatics Grid
(caBIG®)

caBIG® Vision:

A virtual web of interconnected data, individuals, and organizations
that redefines how research is conducted, care is provided, and
patients/participants interact with the biomedical enterprise.

caBIG® Mission:

« Connect the cancer research community through a shareable,
Interoperable infrastructure

* Deploy and extend standard rules and a common language to
more easily share information

« Build or adapt tools for collecting, analyzing, integrating and
disseminating information associated with cancer research and

care



caBIG® Core Principles

* Open Access

» caBIG® is open to all, enabling
wide-spread access to tools, data,
and infrastructure

* Open Development

« Planning, testing, validation, and
deployment of caBIG® tools and
Infrastructure are open to the entire
research community

* Open Source

* The underlying software code of
caBIG® tools is available for use
and modification

* Federation

» Resources can be controlled locally,
or integrated across multiple sites



Modularity

= Boundaries of clinical research are blurring

= Need to interface rapidly with new data sources
and destinations, and have them interoperating
right away — if we take too long, the data
source/destination becomes obsolete

= Anyone can build a
module that plugs in
...If they build to
our open
standards



caBIG® Overcomes the Obstacles to Integration

[ 40+ Software Tools J

N
N\
N

Tsunami of Genomic
and Clinical Data

Standardized
Vocabularies

Standard Language

National Grid for
Data Sharing
V4

[ Interoperability }

IT Systems Do Not Interoperate



A Semantic Services Oriented Architecture

* Vendors, Cancer Centers also exploring service integration

—————————————————————————————————————————————————————————————————

caBIG® Clinical Trials Suite

. | ca- Lab
. | AERS PSC C3PR Viewer




How do you use it?

Involves
Installing software
applications already made
to caBIG® standards,
Integrating them into your
workflow, and connecting
to caGrid.

Adapting involves
modifying your existing
software applications to be
caBIG® compatible, and
then connecting to caGrid.

Adapter between your Application
and the Grid



Clinical Participant Registry (C3PR)

Manages clinical trial
subject data across
multiple clinical trials

Supports large-scale,
geographically
dispersed studies

Provides enrollment
statistics and a
repository for
participant information
across studies, sites,
systems, and
organizations

Role-based access by
study personnel



Patient Study Calendar (PSC)

Create, edit, distribute
study calendar
templates, generate
and view prospective
calendars of patient
activities, track
activities as they occuir,
and manage study
subject calendars

Share calendar with
subject either online or
via calendar file

Accommodates
Interventional,
epidemiological /
observational studies



Adverse Event Reporting System (caAERS)

Used to collect,
process and report
adverse events

Supports regulatory
compliance and
allows local
collection,
management, and
guerying of adverse
event data, whether
routine or serious

Report in standard
formats required by
regulatory authorities

Automated reporting
to sponsor and (soon)
FDA systems



caBIG® Integration Hub
and Lab Viewer

o Configurable Hub

for exchanging
clinical trial
Information
between
applications and
systems

Site Lab Test
Al ~ Al

Numeric Result
~ Al -

Date Range

All dates/ti

mes -

b Activities - Search Results [23 record(s) found]

Wiew this patient in CAAFRS

|z|: Patient Id Site Date | Time Lab Test TextResult | NumericResult | UnitOf Measure | Lower Limit Sentto COMS Sent to caAERS
C a n m a p a n d [T [10-02-04-1 |NotAvailable |3/4/09 10:28PM | BANDS Not Available  |8.5 % 0.0 9.0 2010-03-1020:33:01 | NOT SENT
[l [10-02-04-1 |NotAvailable |3/4/09 10:25PM  |BASO Not Available  |3.0 % 0.0 40 20100310 20:33:01 | NOT SENT
10-02-04-1 | Not Available | 3/4/03 10:28PM | BILIRUBIN_TOTAL Not Available _ mgidL. 0.0 10 2010-03-1020:33:01 | 2010-03-10 20:32:38
tran Sfe r I ab O rato ry [ [10-02-04-1 |NotAvailable |3/4/09 10:26PM  |BUN Not Available | 19.0 mgidL. 7.0 210 2010-03-1020:33:01 | NOT SENT
[T [10-02-04-1 |NotAvailable |3/4/09 10:28PM | CHLORIDE Not Available [ 107.0 mEg/L 100.0 110.0 2010-03-1020:33.01 | NOT SENT
d ata fro m n O n - [C] [10-02-04-1 |NotAvaiable |3/4/09 10:28PM | CREATININE Not Available  |1.5 mgidL. 0.0 14.0 2010-03-1020:33:01 | NOT SENT
[7] [10-02-04-1 |NotAvailable |3/4/09 10:28PM | CREATININE_CLEARANCE Not Available | 72.0 mLimin 520 146.0 2010-03-1020:33:01 | NOT SENT
- N [l [10-02-04-1 |NotAvailable |3/4/09 10:26PM  |EOSIN Not Available (8.0 % 0.0 10.0 2010-03-1020:33:01 | NOT SENT
Sta n d a rd C I I n I C al [7] [10-02-04-1 |NotAvailable |3/4/09 10:28PM | HEWATOCRIT Not Available | 48.0 % 40,0 52.0 2010-03-1020:33.01 | NOT SENT
[C] [10-02-04-1 |NotAvailable |3/4/09 10:28PM | HEMOGLOBIN Not Available | 14.0 g/l 120 16.0 2010-03-1020:33:01 | NOT SENT
- 10-02-04-1 | Not Available | 3/4/09 10:28PM | LYMPHOCYTES_SERUM Hot Available _ % 15.0 45.0 2010-03-1020:33:01 | 2010-03-10 20:32:38
C a r e Sys te m S I n to [T [10-02-04-1 |NotAvailable |3/4/08 10:28PM | MAGNESIUM Not Available  |1.9 mEQ/L 10 20 2010-03-1020:33:01 | NOT SENT
[l [10-02-04-1 |NotAvailable |3/4/09 10:25PM  |NCH Not Available  |33.0 g 270 340 20100310 20:33:01 | NOT SENT
a Sta n d a rd fo r m at [F] |10-02-04-1 |Not Available | 3/4/08 10:28 PM NCHC Not Available  [35.0 gdl 320 36.0 2010-03-10 20:33:01 NOT SENT
[l [10-02-04-1 | NotAvailable |3/4/03 10:28PM | MONOCYTES_SERUM Not Available  |9.0 % 00 12.0 2010-03-1020:33:01 | NOT SENT
- [F] [10-02-04-1 |NotAvailable |3/4/09 10:28PM | NEUT Not Available | 72.0 % 420 80.0 2010-03-1020:33.01 | NOT SENT
(S u I ta b I e fO r [ [10-02-04-1 |NotAvailable |3/4/09 10:28PM  |FLT Not Availsble  |322.0 UL 150.0 350.0 2010-03-1020:33:01 | NOT SENT
[[] [10-02-04-1 |NotAvailable |3/4/09 10:28PM | POTASSIUM Not Available |44 mEg/L 30 50 2010-03-1020:33.01 | NOT SENT
- - - 10-02-04-1 | Not Available | 3/4/03 10:28FM | RBC_SERUM Not Available Wilion/microl. 40 60 2010-03-1020:33:01 | 2010-03-10 20:32:38
re C e I pt by C | I n I C al 10-02-04-1 |Not Available | 3/4/09 10:28PM | SGOT_AST Hot Available uiL 30 420 2010-03-1020:33.01 | 2010-03-10 20:32:38
10-02-04-1 | Not Avallable | 3/4/03 10:28PM | SGPT_ALT Not Available uiL 30 45.0 2010-03-1020:33:01 | 2010-03-10 20:32:38
tr i al S d ata b aS e S 10-02-04-1 | Not Available | 3/4/09 10:23PM | SODIUM Not Available mEQ/L 136.0 146.0 20100310 20:33:01 | NOT SENT
10-02-04-1 | Not Available | 3/4/08 10:28FM | WBC_SERUM Not Available KL 3.0 1.0 2010-03-1020:33:01 | 2010-03-10 20:32:38

Export options: csv | Excel | xmL

[ cancel | | LoadLabsto caAERS | [ LoadLabsto COMS




caBIG® Clinical Connector
Clinical Data Management System (CDMS/EDC) Integration

The Clinical Connector enables the exchange of data
between the caBIG® Clinical Trials Suite and any caBIG®
compatible Clinical Data Management System (CDMS)

Supports the Cancer Central
Clinical Database (C3D) and
other conforming CDMS
products

Reduces duplicate data entry
and streamlines clinical trials
workflow
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Integration of caBIG®
Clinical Trials Suite

caBIG® Central Clinical
Participant Registry (C3PR)

Eligibility is verified
and patient is registered to a study

\’ 2, . o
(l{’r)\»* j//\/f‘z\ Clinical Data
,/Tgféf/ j Management System
\ '\/\
M

Patient visits the
Physician

Clinical data is captured

Patient Study Calendar (PSC)

Tracks the patient schedule
throughout the study

p
/ caBIG®

Integration
Hub

— &

caBIG® Adverse Event
Reporting System (caAERS)

Identifies and tracks adverse
events and any associated
schedule changes

Lab Viewer

Identifies labs, loads
them into the CDMS
and AE system

Clinical Trial
Object Database
System



Biospecimen Banking: caTissue



Biospecimen Banking: caTissue

Web-based application for tracking the acquisition,
storage and distribution of biospecimens

Specimen history
Basic annotation

Simple and
Advanced Query

Integration with
existing systems -
via API

Role based security

Temporal Queries
(e.g., querying by
patient age, time
between events)






Array Data Management: caArray

Store array data

Parse popular espression/SNP array formats (Affymetrix,
lllumina and GenePix) - store native files for other
providers

MAGE-TAB https://array.nci.nih.gov
compatible

iImport

MIAME-

compatible

annotation

Browse and

Search



NBIA: in vivo Imaging Repository

< Searchable, web-
based repository of
In vivo images

= Popular image
formats supported
Including CT, MR,
and digital x-rays
(DICOM standard)

= Also contains
annotation files
(PDF, image
markup) and
annotation data
provided by
curators



Molecular Profiling Platform:

geWorkbench

Comprehensive
and extensible
collection of
tools for the
management,
analysis,
visualization
and annotation
of biomedical
data

Researcher
g )

Load Data
. from local

or remote
SOUrces

geWorkbench

"microarray gene

expression data

“jJene Sequences
= protein sequences

Plug-in Components

Filter &
MNormalize

Promoter
Analysis

Regulatory Metwork

Differential
Expression

Sequence
Analysis

Pattern
Discovery

.
’ b
.

Visualize
results

.‘_., Gene
Ontology:

Ay

Integrates with existing bicinformatics modules
for analysis and visualization

e



20th Century Biomedical Paradigm

. Product o Outcomes &

* Biological pathways » Candidate selection and ¢ Product launch * Reporting of serious/fatal ADRs
Optimization
e Target identification and ¢ Clinical adoption ¢ Re-labeling (or recall) as
validation  Pre-clinical testing needed
e Phase |, Il, Il * Additional indications as
warranted

* New Drug application and
Approval



21th Century Biomedical Paradigm:
a Learning Health System

Analysis and
LLearning

Outcomes &
Surveillance

[ [DISCOVETY, ]

Product
Development

Clinical
Care




Software-Enabled Bridging of
Research and Care

RESEARCH SOFTWARE

Group A (10mg) CTMS

Group B (30mg)

Clinical Trial

Group C (control)

Electronically
Executed Protocol




Software-Enabled Bridging of
Research and Care

RESEARCH SOFTWARE

- oot ot

Infé&t%re

Optimum Dose (30mg)
-

Electronically
ExecfedifibAiocol

Practice Plan

Treatment
Plan

Phscian



A Diverse NCI-Fostered Biomedical Ecosystem

- @ Underwriters/Payors
m

EFoundations

Clinical
Communities

s
o

Payersi/
insurance
CoOmMpPanies

Research

Infrastructure Academia

Elecironic

HealthRecords

_ Discovery Science
Information

Technology



Defining Electronic Health Records for Oncology

NCI has worked with ASCO to obtain requirements for an “Oncology-
extended EHR”, now working with HL7 to define a structured
specification, will subsequently develop a reference implementation

Oncology-extended EHR



Utilizing “Smart” Electronic Health
Records to Accelerate Research

Data on hundreds of thousands of patient encounters can be fed into
the Patient Outcomes Data Service electronically

0707
07070707070707)-

01010+
010104 )

10101010101 Patient Outcomes
Data Service

o

This Service enables
physicians
to submit outcome
data on patients,

and query it for
outcomes patterns.
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Outcomes Portal



The Patient Outcomes Data Service is one of Many Services,
Planned and Existing, for the Biomedical Community

Cancer Knowledge Cloud

Adverse Event Clinical Trials
Service Service
Patient Outcomes
Data Service Patient
Calendar
Decision Service

Support Service

Treatment
Plan
Service



Researchers will be able to Query the Data in the

Cancer Knowledge Cloud
Epidemiologists

» Query data to seek
correlations among genes,
environment, outcome

y » Develop standing online
0’\0)\ cohorts of volunteers

A

0«0«0\0«0«0

0\0\0’\0\0 Basic Researchers
Cancer » Generate new hypotheses
e |ldent iomarker-

Knowledge e et
9 010101010101010101010101 )| _ OUtcome correlations
ClOUd . V_a_lldate biomarkers in

L silico J

Clinical Researchers

participants
e Enrich clinical studies with

appropriate sub-groups
L- Identify new indications

0707
0707
0707
01
070707070707 » Seek clinical trial
01 }

)




New Knowledge From Research is Fed
Into the Cancer Knowledge Cloud
Epidemiologists
New links to behaviors and

exposures that increase /
«01\0’\0« decrease risk of disease or

C)’\O’\O’\O'\O’\0 disease reoccurrence
< mmmm .
Basic Researchers
Cancer
Knowledge ~0101010101010101010101 | New drug targets

Cloud l J

Clinical Researchers

070707070707
01

Targeted drugs for
molecularly-defined

l sub-groups \



All Stakeholders Benefit from the
Cancer Knowledge Cloud

Physicians

AN i Clinical Care I
AQNO
‘ Support Tools | | patients l

Cancer M - m
KnOWIedge interactions disease risks enroliment
Cloud




All Stakeholders Benefit from the
Cancer Knowledge Cloud

Patients / Consumers

Understanding
mmmmmmyl my options )

Cancer 1010107
Kn owledge How do | Howdo I getino  WWht s??md |
Cl d compare a clinical trial? expect from
ou L to others? J L J LthIS treatment?J

)



All Stakeholders Benefit from the
Cancer Knowledge Cloud

Cancer
Knowledge
Cloud 7070707070701010101> Improving the
| Healthcare System |

Comparative Qualit Pharmaco-
Effectiveness y vigilance

) L ) L




Take-Home Messages

caBIG® provides standards-based infrastructure and tools to facilitate
and accelerate critical functions in research and, increasingly,
healthcare processes

The Cancer Community writ large is moving towards large-scale data
sharing, and those who are caBIG®-connected have an advantage

caBIG® web-based services will soon enable organizations to
partake of a-la-carte or comprehensive capabilities across the
discovery-development-care continuum

As the U.S. moves towards EHRs and full digitalization of health
care, the caBIG® standards-based data interoperability will enable
organizations to move data between regulators, health care
providers, etc.

Since caBIG® has been developed by NCI, all capabillities are freely
available and open to all



Finding What You Need...

If you want additional general information about caBIG®

e http://cabig.cancer.gov/

If you want to receive our monthly e-newsletter

e http://cabig.cancer.gov/resources/newsletter/

If you want a complete overview of the caBIG® program

e https://cabig.nci.nih.gov/training/cabigessentials/player.html

If you want a complete list of caBIG® tools

e https://cabig.nci.nih.gov/adopt/

If you want a demo-for-the-perplexed
« Call (301) 594-3602


http://cabig.cancer.gov/�
http://cabig.cancer.gov/resources/newsletter/�
https://cabig.nci.nih.gov/training/cabigessentials/player.html�
https://cabig.nci.nih.gov/adopt/�

http://cabig.nci.nih.gov
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UCSF Partnership with CAMS PUMC

NCI caBIG Workshop

Sorena Nadaf M.S., M.MI
UCSF HDFCCC
Director, Translational Informatics Division
Director, Biomedical Informatics Core
CIO

Beljing, China June 22, 2010



HDFCCC — PUMC CAMS Partnership

UCSF HDFCCC CAMS-PUMC Partnership

Goal:

Establish joint programs
In Cancer Research,
and Training

Translational Informatics



HDFCCC — PUMC CAMS Partnership

UCSF HDFCCC CAMS-PUMC Partnership

 Implementation MOU

Establish joint research teams for the study,

treatment, and management of cancer

« Disease Based Research teams — Stage |

Lung Cancer

Breast Cancer

Brain Tumors
Hepatocellular Carcinoma
Genito-Urinary Cancers

Each team to be led by co-investigators from

Translational Informatics

each institution: one from PUMC-CAMS, and
one from UCSF



Translational Informatics

HDFCCC — PUMC CAMS Partnership

Research Objectives in Partnership

To obtain better understanding of the causes of
these 5 types of cancer in China as well as the
key genes and proteins involved in their
progression.

To identify new targets and pathways that drive
these tumors

To conduct early stage clinical trials with novel
and promising investigational therapeutic agents

To conduct epidemiologic research with the
objectives of identifying patients with clinically
significant cancer at earlier stages of disease



Translational Informatics

HDFCCC — PUMC CAMS Partnership

Training Program

« UCSF and PUMC/CAMS will initiate a
clinical research training program for PUMC
faculty and cancer trainees that will enhance
their ability to lead cutting edge clinical
research trials.

* Enrollment in specific courses like Clinical
Trial Design, Biostatistics, Epidemiology, etc.
at UCSF In the CTSI will be open to faculty
and students with appropriate backgrounds
that are selected by PUMC/CAMS for this
program.



HDFCCC — PUMC CAMS Partnership

Established Training Program

« Faculty selected by PUMC/CAMS will join UCSF
Helen Diller Family Comprehensive Cancer
Center research teams in the 5broad types of
cancer indicated in Stage | for participation in their
academic activities including Tumor Boards,
Clinical and Research conferences, Protocol
Review meetings, Clinical Trial meetings, and
general Cancer Center research seminars.

« At the conclusion of these sabbaticals, the
PUMC/CAMS faculty will return to their parent
Institution and serve as co-leaders of joint clinical
trials with UCSF.

Translational Informatics



HDFCCC — PUMC CAMS Partnership

Partnership: To Link Clinical Trials to
Correlative Scientific Research

* Discovery of Biomarkers that will
ne useful for treatment of cancer

natients

 Investigation of the critical
biochemical pathways that mediate
the beneficial effects of TCM’s

Translational Informatics



HDFCCC — PUMC CAMS Partnership

Underlining Elements:
Biospecimen, Clinical and Biomedical
Informatics

o UCSF will partner with
PUMC/CAMS to establish
annotated, state of the art research
tissue banks as well as a robust
clinical trials data base that will
enable and enhance joint clinical
research trials with the UCSF-
Helen Diller Family CCC

Translational Informatics



HDFCCC — PUMC CAMS Partnership

Translational Informatics at UCSF

Mission:
Deliver Suite of Informatics Services to support

translational, biomedical, and clinical research,
as well as clinical care improvement.

Focus:
- Capture, Storage, Dissemination of Clinical,
Biomedical, and Research Data that can easily
be merged, integrated, or aggregated with other
data sets.
- Development of unified technology platforms
leveraging cutting-edge advances in Informatics
and computing.

Translational Informatics



HDFCCC — PUMC CAMS Partnership

Mapping Goals to Informatics Platforms

Cancer Center Goals Corresponding Tl & Platforms

Expanding Clinical and Translational * caArray (Array Data Management)
Research Capability » caTissue (Biospecimen Management)
- * URM (Unified Registry Module — SPORE DB)
v Clinical research « REDCap / REDCap Survey (Light DB / Survey System)
v Research infrastructure « CTMS : OnCore / BSM / Caisis
v Phenotyping « CALAEGS: Automated Adverse Event Grading

» Medidata RAVE (Cooperative Group Trials)
» calMAGE (Image Data)

Enhancing Collaborations » caGRID (Electronic Data Interchange)
* Mirth & caXchange (Lab Data Service Bus)

¥ Social networking » Lab Viewer (Clinical System “Wrapper”)

v ReSOUVCG_SharinQ » Cancer Electronic Data Warehouse
v" Data sharing « LatticeGrid
e caLIMS

Encouraging T1 Translational Research ~ +UCSD Genome Browser
: » caGWAS (GWAS query processing, SNP Data)
v Knowledge translatllon » GenePattern (Genomic Data Analysis)
v Hypothesis generation « geWorkbench (Biomarker Data Analysis)
 calntegrator?2 (Translational Data Analysis)
* Ingenuity IPA Pathway Analysis
* Oncomine



HDFCCC — PUMC CAMS Partnership

Example Lifecycle Clinical Research
Management

=5
=

Translational Informatics



Cancer Data Warehouse Model: Patient Centric HDFCCC - PUMC CAMS Partnership

Cancer Registry

G
Surgical Data

Translational Informatics



Translational Informatics

HDFCCC — PUMC CAMS Partnership

Cancer EDW Principles :
PUMC CAMS == UCSF

Built to accept heterogeneous data sources
from multiple sources based on metadata
architecture

A single global repository provides data
resources for patients, research, and
healthcare

Use of data marts allows for the creation of
customized data sets to meet user needs

Data can be exported to other systems as
required

Designed using standard technologies that
provide flexibility and scalability

13



Three Portals to caEDW using caGRID

esearcher

HDFCCC
CAMS
PUMC

Clinician
| View

Multi
Dimensional
caEDW

Patient
View

Translational Informatics




Translational Informatics

HDFCCC — PUMC CAMS Partnership

UCSF Collaboration Acknowledgements

Marc Shuman, M.D.
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UCSF Translational Informatics : current Locations
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Enabling 215t Century Cancer Research:
Update DUKE-PKU Cancer Program

_ Prof.Jun Ren M.D.PhD
Prof H. Kim Lyerly, M.D. Director, Department Medical Oncology
Comgrlreehcet(r)lgivDeucl_(tgncer Excecutive director, Clinical Trial Center
Center Peking University School of Oncology/
Beljing Cancer Hospital
Faculty, Duke Comprehensive Cancer Center

June 22 2010, Beijing



DUKE-PKU Cancer Program

e Signed the MOU on 26
Apr. 2007

« CaBIG Workshop at
Beljing on 6 Sep. 2007

e CaBIG Training at Duke
From 30 Jan. to 16 Feb.
2008



caBIG at Duke

"Developer

—Cancer Central Clinical Participant Registry
(C3PR)
— calRIP

= Many elements part of other caBIG applications
— RProteomics
— VCDE Mentorship
— CTMS Knowledge Center



caBIG at Duke

= Adopter
—Flagship C3D implementation

= Many trials in production, many more in development
— C3PR multi-center pilot
— caAERS (CALGB and Duke) (in progress)
— caGRID

— caArray (In progress)



Impact of caBIG at Duke

Investment strategy and long term IT
planning aligned with caBIG goals
Enabling novel clinical trials between
cancer centers

Enabling biomarker intense (real time
gene array based) clinical trials
Improving access and services to
underserved populations



A randomized phase Il trial

A) DC infected with rV-CEA(6D)-TRICOM followed by DC infected with rF-
CEA(6D)-TRICOM

VEersus

B) rV-CEA(6D)-TRICOM followed by rF-CEA(6D)-TRICOM along with in situ
GM- CSF following hepatic metastasis resection and adjuvant chemotherapy.

Prime boost

immunization with 17 endpoint- TTR
CEA —vaccinia 20 endpoint- CEA
and CEA specific ELISPOT

TRICOM x 3

Patients with
Stage IV colon
cancer after
resection of
metastasis, and
post operative

We need multiple sites

to complete this study!!

chemotherapy
Prime boost
immunization with 19 endpoint- TTR
autologous DC . _
loaded with CEA 2" endpoint- CEA
—vaccinia and Specific ELISPOT

CEA TRICOM x 3



Portland Medical
Center

Moffitt Medical
Center

MD Anderson

Manufacturing
and QA/QC of

vaccine, analysis
of immune
response

Collection of cells,
distribution of vaccine,
collection of data

WakeForest/
Bowman Gray

Duke University
Medical Center

Medical University
of South Carolina

Georgetown



Clinical Trial Software Elements



Lung Cancer Prognostic Markers



Predictive Markers-Chemotherapy

Potti, A., Dressman, H. K., Bild, A., Riedel, R. F., Chan, G., Sayer, R., Cragun,
J., Cottrill, H., Gray, J., Marks, J., Kelley, M., Berchuck, A., Petersen, R.,
Harpole, D., Ginsburg, G. S., Febbo, P., Lancaster, J. M., and Nevins, J. R.
(2006). A genomic strategy to guide the use of chemotherapeutic drugs in solid
tumors. Nat. Med. 12, 1294-1300.

BOPO0701 — A Randomized Phase Il Study to Evaluate the Capacity of
Expression Signatures to Guide Neoadjuvant Breast Cancer Chemotherapy
(DOD Breast Program)



Nature 439, 353-357.

Can gene expression profiling
demonstrate an activated
pathway, suggesting that
inhibition would predict
response to a therapy?

Phase Il Studies to Evaluate
a Src Pathway Signature as
a Predictor of Dasatinib
Response



Patient-controlled Exchange of Breast
Imaging Studies to Healthcare Providers

e web-based system

 allows patients to access, download and transfer the
DICOM files of all their imaging studies.

 makes them usable by medical care providers or
researchers at any other medical center.

e improve health care

e reduce radiation dose from unnecessary duplicate
Imaging studies

o facilitate a wide array of research that requires data
from images






Technical Architecture for Image Transfer

Patient Identity
Source

Patient Identity Feed [ITI-8]~|r

Site B
Query Registry
[ITI-16] <
Document Document
Registry 1 Consumer
Imaging
A Register Document
Document Set [ITI-14] Consumer
Site A PrOVIdeDiE;gelssgeltmaglng Retrieve Document
[RAD-54] —> Document [IT1-17] <
I Repository
Imaging WADO Retrieve
Document [RAD-55] <« 3
Source
y

Retrieve Images [RAD-16] <«

Retrieve Presentation States [RAD-17] <«
Retrieve Reports [RAD-27] <

Retrieve Key Image Note [RAD-31] <«
Retrieve Evidence Documents [RAD-45] <«



Duke University
Medical Center

Peking University
Beijing Cancer Hospital

Duke Comprehensive
Cancer Center

Gene expression
analysis and

generation of
gene signature

Other Clinics
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A Phase Il Study of Abraxane® and
Carboplatin as First-Line

reatment for “

riple Negative”

(Demonstrating no Expression for
Estrogen, Progesterone, or HER?2

Receptors) Metastatic Breast Cancer

Pl
DUKE: Kim Blackwell
Kim Lyerly

Peking:Jun Ren



SCHEMA

A Phase Il Study of Abraxane® and Carboplatin as First-Line Treatment
for “Triple Negative” (Demonstrating no Expression for Estrogen,

Progesterone, or HER2 Receptors) Metastatic Breast Cancer in Chinese
people

y

Histologic confirmation of adenocarcinoma of the
breast(Stage IV or inoperable 111)

l

Registration

l

Abraxane® 100 mg/m2 IV over 30 min days 1,8,15 and 7 days off
Carboplatin AUC=2 over 15 minutes days 1,8,15 and 7 days off

A

Continue until disease progression




OBJECTIVES

Primary Objective:

e To compare the PFS of this regimen in Chinese patients
with that in American patients with "triple negative" Stage
I\VV or inoperable Stage |ll metastatic breast cancer.

Secondary Objective:

* To explore the molecular biological mechanism reactive
to his regimen,including the genomic and proteomic
mechanisms.

e To assess the safety and tolerability of a combination
regimen of weekly Abraxane® and carboplatin to treat
Chinese women with "triple negative" Stage IV or
Inoperable Stage Il metastatic breast cancer.



Independent Replication Processes

Export Export Global Library
NCICB Master - and Study into afile on
C3D Instance the secured computer

) Secured FTP
Optional

Data Export

] File containing global
Duke replicated Import library and study export is

C3D Instance _ downloaded to the Duke

Server via secured FTP.

Beijing Replicated
C3D Instance

C3D : Cancer Central Clinical Database



Internet/Intranet Security

Beijing Cancer e Duke
Jing Beijing Cancer Hospital Terminal/Application 5 ,ication Server

Hospital Application Server Server

‘ 3
N

\ | Network DMZ N Secure Intranet
S S

NI
DMZ Firewall PHI Firewall

NCI Master C3D

<

Duke Multicenter Duke
Projects Application Server

L)
Database Servers

® User connection to Application 128 bit encrypted
® Application server to be secured by Oracle Advanced Security option



Fulfill our needs

e Clinical Trial Management System (CTMS)

— For the management of clinical trials
 Documents (protocol, Consent, etc.)
* Financial (Budget prep., invoicing, subcontracts)

e Clinical Data Management System (CDMS)
— For the management of the clinical research data
— eCRF, EDC
— Unified format
— International data standards




4 “S” of caBIG

Start

Share
Standardize
Speed



Potential caBIG solutions

 Technical challenges can be addressed
e Standards for community providers from NCI
e Can address other issues that may have
limited implementation of previous strategies:
— HIPAA (HEALTH INSURANCE PORTABILITY AND
ACCOUNTABILITY ACT OF 1996)
— Reporting concordant/non-concordant results (quality)
— Billing
— Liability



Thank youl



Potential Collaboration on Clinical Epidemiological
Studies and Prevention Trials in China

You-Lin Qiao, MD, PhD
Professor & Director
Department of Cancer Epidemiology (DCE)
Cancer Institute/Hospital (CI)

Chinese Academy of Medical Sciences (CAMS)
Peking Union Medical College (PUMC)



Cancer Institute/Hospital, CAMS

CICAMS Founded in 1958, is the largest comprehensive National
Cancer Center in China. It can accommodate 1,100+ in-patients with
an annual inpatient load of 10,000+ and outpatient of 240,000+.
There are more than 1,600 employees including 220 professors and
associate professors.



Four Broad Areas of Activity
in Dept. of Cancer Epidemiology, CICAMS

|. Cancer Database, Academic Course and
Outcome Research

ll. Observational Epidemiologic Studies
Ill. Early Detection & Screening Research

V. Prevention Trials



|. National Cancer Database,
Academic Course & Outcome Research

 Establishment of Chinese National Cancer
Database (cancernet.cicams.ac.cn) (MOST)

e Cancer Database of National Data Sharing System
for Medical Sciences (MOST)

» Cancer prevention and control academic course
(CFCl/pfizer)

» Qutcome research on early detection/prevention of
cervical and esophageal cancers (MOST/MOH)



China Cancer Data Sharing System
(Supported by MOST)

Clinical Sciences Center
National Data Sharing System for Medical Sciences
(CSC/NDSS-MS)

Web-GIS in Platform



Data Source

Mortality & Incidence

eChina national cause-of-death surveys
eData of cancer register

eData of cancer register in Cixian Hebei

eData of cancer register in Tianjin

Clinical Oncology

® Radiation
® TMR from Cancer Hospital CICAMS
® TMR from Cancer Hospital Tianjin

® TMR from Cancer Hospital Ci county

Cancer prevention in
areas with high risk

eEsophageal cancer prevention in Henan
eCervical cancer prevention in Shanxi

®|_ung cancer prevention in Yunnan

Encoding Data

A ICD10
A GB6565 86
A GB3304 82
A ICDO



I1. Observational Epidemiologic Research

Prospective study on the natural history of HPV infection, nutrition,
Immunologic factors and vaccine/chemo prevention for cervical
cancer in Shanxi, China (N=13,000+)

Environmental and biological monitoring pilot study for polycyclic
aromatic hydrocarbons (PAH) in Linxian, China (NCI/NIH)

Prevalence surveys of HPV infection and cervical neoplasia in China
(N=8000, IARC/CCF/UNC)

HCC BRIDGE Study: Expanding Knowledge of Hepatocellular
Carcinoma Treatment and Outcomes in China
(Bristol-Myers Squibb)

Zhao FH, et al Int J Cancer. 2006;118(2):442-8. Shi JF et al. Am J Epidemiol.
2009;170(6):708-16. Li LK, et al. Br J Cancer. 2006; 95(11):1593-7; Dai M, et al. Br J
Cancer. 2006; 95(1): 96-101; Wu RF, et al. |nt J Cancer. 2007:121:1306-11.



[11. Early Detection & Screening Research

e Cervical cancer screening studies in Shanxi, China (SPOCCS I-11)
N=2000+9000
(Terry Fox Foundation, CCF, NCI/NIH, UNC)

» Screening technologies to advance rapid testing for cervical cancer
prevention (START). N=12000,
Grant of Bill & Melinda Gates Foundation

o Early Detection of Lung cancer in Chinese Tin Miners in Yunnan
(NCI/NIH)

« Early detection and treatment of esophageal cancer in North-
central China (NCI/NIH)

Qiao YL, et al: Lancet Oncology 2008;9(10):929-36. Wei et al; Gut. 2005;54(6):759.
Wang et al; Gut.2005; 54(2):187. Qu CX, JNCI. 2007;99(16):1240-7.



Screening . Sample Sensitivity Specificity Yonden's Index

1999 Xiangyuan,Shanxi 1997 97.6 84.8

2001 Xiangyuan and Yangcheng,
2002 Shanxi

2003 Xiangyuan,Shanxi 1803 95.7 84.9
2004 Jing'an,Jiangxi 1995 96.7 82.8
2004 Shenzheng,Guangdong 1109 100 88.5
2004 Yangchen,Shanxi 721 93.8 87.8
2005 Wudu,Gansu 2034 78.1 93.8
2005 Shenyang,Liaoning 710 100 80.4
2006 Qinxian,Shanxi 2493 100 89.3
2006 Xiangyuan,Shanxi 884 100 86.3
2006 Beijing 795 100 87.2
2006 Hetian,Xinjiang 883 94.1 94.5
2006 Xinmi,Henan 879 100 88.7
2007 Shanghai 774 100 88.1
2007 Qinxian,Shanxi 818 100 88

2007 Wuxiang&Xiangyuan 2388 97.1 85.6
2008 Jiangsu 316 90 87.6
2008 Xiangyuan & QinXian 1056 96 86

9034 95.5 83.3

*Physician-collection sample HC-2 HPV testing — Qiao etg)



V. Prevention Trials Research

« Nutrition Intervention Trials in Linxian — Followup
Studies, (N=33,000; NCI/NIH)

A study of Selenomethionine and Celecoxib as
Chemopreventive Agents for Esophageal
Squamous Dysplasia in Linxian, China (NCI/NIH)

* A controlled trial of endoscopic screening &
prevention study for esophageal cancer in 3
Counties, China (Task Force of the 10th Five-Year
Plan of I\/IOST)

« HPV prophylactic vaccine clinical trials;
MSD N=3000; GSK N=6000

Qiao YL et al: INCI 2008; Limburg, Wei et al; Gastroenterology. 2005;129(3):863-73.



Prevention strategies and actions

National cancer prevention & control strategy by MOH
National cervical cancer prevention consortium (lead by Yu Peng)

The Guidelines for early detection, diagnosis & treatment for 9 major
cancers are reviewed by via national consensus meeting & endorsed
by MOH (cervcial Ca as the model);

Two demonstration centers (Shenzhen & Xiangyuan) for cervical
cancer prevention & control have been established by both MOH &
CFC. (Lancet Oncology. Vol 6, Page 139-141, 2005)

National cancer early detection/treatment program has been initiated
In 2009 funded by MOH & MOF (10m cervical Ca, 1.2m breast Ca)

Training course and WHO Guide book etc

Government Task-Force for outcome research on CxCa prevention
Recommendation of National CxCa prevention/control in review






Guideline of early detection for main cancer in China



THE LANCET Oncology
Volume 6. Issue 7. July 2005




Potential Collaboration

1. Data sharing between caBIG and Cancer Database in China

v/V\/e::) Servi:(l

[ China Cancer database } [ caBIG data }

2 . Adoption of caBIG tools in epidemiological studies and
prevention trials
» Cancer Clinical Trial Suite in clinical and prevention trial
» Other caBIG tools in epidemiological study

3. Development of caBIG tools for China
» Information protocol share and localization.

» Development of data exchange tools.
> ...



Thanks for Listening and
Welcome for Collaboration!

Mail Address & Telecommunication:

Department of Cancer Epidemiology
Cancer Institute, CAMS
P. O. Box 2258, Beijing 100021

P.R. China

Phone: 86-10-8778-8489

Fax: 86-10-6771-3648
E-mail:qiaoy@cicams.ac.cn
Website: www.cicams.ac.cn/epi
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